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2195 aluminum-lithium alloy occurring welding torch on a sample of 2195 alumi-
at temperatures as low as 3% num. He ran gas compositions over a range

from 10 to 500 p/m and from gas flow rate
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showed bubbling at grain boundaries duringarea; up to 0.16 mfhas a function of an aerospace engineer with NASAs
melting clearly indicating a gas reaction.  contamination volume per weld length. Materials and Processes Laboratory at
Thermocouple measurements during the Marshall, specializing in the theory of
hot-stage microscopy showed this reaction All three gases caused porosity, but welding processes, basic engineering

to be exothermic, like the reaction of the  nitrogen always caused the highest porositysc

ience, and materials science. He holds a

1994 differential thermal analysis (DTA)  levels. A gray to black surface film of 1 to Ph.D. in materials engineering from the
curves. The bubbling reaction, also like the 2 pm irregularly shaped metallic aluminum University of California at Berkeley@)

DTA reaction, began in the neighborhood oparticles sometimes appeared on the metal

350°C. surface. The metallic particles might have
been gas-driven ejecta from grain bound-

Followup gas chromatograph studies of  aries or surface pores.

2195 alloy heated in an alumina tube to

620°C for 15 min with pure nitrogen and A somewhat different film was observed by

with air revealed that for a mole of nitrogen Talia in the vicinity of a crack: a loosely

lost approximately a mole of hydrogen attached dark film of 1Qm diameter

appeared. Because hydrogen is spherical particles. These spheres seemed to

so easily lost, for example by absorption in have a metallic interior with a sometimes

container walls, appreciably more hydrogerncracked nonmetallic shell; EDAX analysis

may have been generated than the measurstowed Al, Mg, Cu, O, N. (Li is not

quantity. detectable by this technique.) The round-
ness of the particles suggests solidification
The appearance of hydrogen and the while suspended in a gas.

absence of grain boundary bubbling in

lithium-lacking 2219 aluminum alloy points It is noteworthy that hydrogen contamina-
to a reaction of nitrogen with a lithium- tion appears to cause substantially less
hydrogen compound or compounds causingorosity in 2195 alloy than in 2219. This
a release of hydrogen. The details of the may be due to the formation of hydrogen
reaction remain to be worked out although compounds in the lithium-containing alloy.
hydrogen containing lithium compounds in

aluminum-lithium alloys are well known.  The backside of a weld can easily exceed
Exposure to air containing a bit of moisture 350°C below a weld pool of appreciable
easily contaminates lithium containing depth during a partial penetration cover
alloys. Hot-stage microscopy shows that  pass. Hence even the backside of a partial



